Introduction
Obesity plays a major role for the development of insulin resistance and type 2 diabetes in all ethnic groups. However, the mechanisms for the link(s) between obesity and insulin resistance/type 2 diabetes are not clear.
Much recent focus has been placed on the endocrine aspects of the adipose tissue. Important adipokines released by the adipose tissue include leptin, adiponectin and different cytokines like TNFa and interleukin (IL)-6. Although both isolated, mature adipocytes and experimental cell lines, like the 3T3-L1 adipocytes, release cytokines, [1] [2] [3] it is clear that other cells in the intact adipose tissue are major contributors of the cytokine release. 1, [4] [5] [6] Recent studies have
shown that obesity, both in rodent models and in man, is associated with a marked increase in cells exhibiting various markers of the monocyte/macrophage phenotype, 7, 8 thus implicating an 'inflamed' adipose tissue in obesity. 9 The reason for this is currently unclear. One possibility is that the obese environment in the adipose tissue, for example, through cytokine and chemokine release, will stimulate the conversion of preadipocytes into macrophages as shown experimentally with 3T3-L1 cells 10 and/or inflammatory cells are recruited ('homing') by chemokines, like IL-8 and monocyte chemotactic protein-1 (MCP-1), produced by the adipose cells. [4] [5] [6] [7] [8] In the present study, we examined the release of different cytokines by intact explants of adipose tissue cultured for 24 h and also examined the effect of TNFa, a major regulator of the cytokine cascade, 2,9 on gene expression and cytokine secretion. We only used adipose tissue from nonobese individuals (BMIo30 kg/m 2 ) in order to exclude important confounding effects of the increased number of inflammatory cells in the adipose tissue of obese individuals. 7, 8 Although some infiltration of inflammatory cells can also occur in the normal to overweight BMI-range, this is dependent on average fat cell size and does not account for more than approximately 5-10% and, furthermore, does not resemble the characteristics of a chronic inflammatory state. 8 
Material and methods
Biopsies of abdominal subcutaneous adipose tissue were obtained from surgical procedures for nonsystemic abdominal disorders (mainly uterine extirpation, gall bladder disease) from 10 otherwise healthy and nonobese individuals (nine females/one male, BMI 25. 371.4 kg/m 2 ) ( Table 1 ). The biopsies were cleaned of blood and tissue debris, dissected into 10-20 mg biopsies and incubated in medium 199 containing 4% human albumin, 25 mM HEPES, and 5.6 mM glucose according to previously reported procedures. 11, 12 The biopsy procedure was approved by the Ethical Committee of Göteborg University. Biopsies were cultured with or without 20 ng/ml TNFa for 24 h.
The medium concentrations of IL-6, IL-8, TNFa, Resistin, IL-1b and IL-1 receptor antagonist were measured with ELISA methods (R&D Systems, Minneapolis, MN, USA and BioVendor, Czech Republic).
RNA was extracted from tissue samples before and after they had been cultured as above without or with the addition of TNFa. mRNA levels of IL-6, IL-8, TNFa, IL-1b, PAI-1 and leptin were measured with real-time PCR as previously reported. 13, 14 The primers and probes used are available on request. Statistical analyses were carried out with Student's t-test. P-values of o0.05 were considered significant.
Results and discussion
All examined cytokines, PAI-1 and leptin had a robust gene expression in both freshly excised tissues as well as in the explants after 24 h culture in the absence of TNFa (data not shown). As shown in Table 2 , TNFa markedly enhanced the gene expressions of IL-6, IL-8 and IL-1b as well as TNFa itself and PAI-1. In contrast, no significant effect of TNFa was seen on leptin mRNA levels. In agreement with the effects on gene expression, TNFa also markedly increased the release of IL-6 and IL-8 to the culture medium, but both cytokines were also released to the medium in the absence of TNFa. In contrast, neither IL-1b, resistin or TNFa itself could be measured in the medium nor did TNFa stimulate any increase in IL-1b or resistin levels ( Table 2 ). Supporting our gene data, it was recently shown by Juge-Aubry et al 15 that
the IL-1b protein is present in human adipose tissue. Although we could not detect any IL-1b in the medium, we cannot exclude the possibility that it is rapidly bound to inhibitory proteins and/or degraded. The IL-1 receptor antagonist (IL-1 RA) was also released in the absence of TNFa but, again, TNFa markedly increased IL-1 RA in the medium. IL-1RA is an anti-inflammatory mediator recently shown to be upregulated by adiponectin in human monocytes and macrophages, and thus may be secondary to the induction of the anti-inflammatory cytokine IL-10 by adiponectin. 16 Leptin has also been shown to increase IL-1RA expression in both human monocytes 17 and in the brain. 18 Thus, the secretion of IL-1RA from untreated adipose tissue in this study may be related to IL-10-, adiponectin-and/or leptin-signalling. The upregulation of IL-1RA by TNFa implies a negative feedback mechanism, which may function to turn off the inflammatory response. Interestingly, Juge-Aubry et al 19 did not find any ability of TNFa to regulate IL-1RA secretion in adipose tissue from obese individuals, which indicates that such a regulatory feedback mechanism of inflammation might be impaired in obesity.
In the present study, we only included nonobese individuals in order to avoid important confounding effects of obesity, that is, the increased infiltration of inflammatory cells found in obesity, 7, 8 on gene expression and secretion of the cytokines. Although some infiltration of inflammatory cells can also occur in the normal to overweight BMI-range, this is dependent on average fat cell size and does not account for more than approximately 5-10% and, furthermore, does not resemble the characteristics of a chronic inflammatory state. 8 The fact that we did not find detectable levels of TNFa or resistin in the medium further supports that the adipose tissue of the individuals in this study did not contain a significant number of inflammatory cells. In addition, we have recently demonstrated that IL-6 mRNA levels, secretion and interstitial concentrations in human adipose tissue in situ are positively related to fat cell size and, thus, accompany obesity. 13 However, the present data clearly show that IL-6 and IL-8 are both robustly expressed at the gene level and secreted in vitro by adipose tissue from nonobese individuals and that the presence of TNFa markedly increases both mRNA levels and secretion. Similar effects of TNFa on IL-8 secretion from human adipose tissue have also previously been reported 4 and IL-6 release from adipose tissue has also been shown in specimens from morbidly obese individuals. Gene mRNA levels were measured in adipose tissue from nine nonobese subjects and expressed as relative quantity (RQ) where basal ¼ 1. Cytokine secretion was measured in the culture medium after 24 h (n ¼ 10 for IL-6 and n ¼ 5 for IL-8, TNFa, resistin, IL-1b and IL-1 receptor antagonist (IL-1 RA) ). *Po0.05, **Po0.01 (Student's t-test). NA ¼ not analysed. Taken together, we favour the concept that both mature adipose cells and their preadipocyte precursors, like the inflammatory cells, secrete IL-6 and IL-8 while TNFa, resistin and IL-1b are not released by the adipose cells and may mainly be derived from the inflammatory cells in the adipose tissue. Thus, TNFa (as well as resistin and IL-1b) from inflammatory cells can then exert a paracrine regulation of the adipose tissue leading to an increased production of chemokines and cytokines. Although this concept may well be true for TNFa, it appears less likely for IL-1b since the IL-1 receptor antagonist was abundantly present in the medium, and its release is further increased in obesity. 15 In addition to the induction of the cytokine cascade, TNFa also increases the gene expression of PAI-1 in human adipose tissue. PAI-1 is an important inhibitor of fibrinolysis and has also been shown to be a risk factor for cardiovascular disease. 21 In conclusion, the induction of cytokines, chemokines and PAI-1 by TNFa indicates a master regulatory function of this cytokine in human adipose tissue. This study also shows that other regulatory mechanisms are important for the inflammatory response in a functional adipose tissue since, for instance, IL-1RA expression is also increased by TNFa and this may function as a negative feedback mechanism to turn off an inflammatory response. Further identification of such regulatory mechanisms is crucial for our understanding of how a dysfunctional and inflamed adipose tissue arises in obesity and insulin resistance.
